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Dear Mr. Helmes: 
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Wheel on who is presently with the Hughes Aircraft Company, at 
Culver City, California? 
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ported previously and the theoretical methods have recently been reviewed ■ it J ' *1 , 

pare this new result with the well-understood case, l.e„ w "7 tor IhmhT! ” . 

cross section is given by *’ en ’ * 0r whlch t * ie scattering 


ff 0 (K) =r e 2 (n e z )E ee (K), 


turbulence, and £ ee (K) is the spacewise spectrum of the electron fluctuations, defined by 

E ee (K) = Lc ee (R)e ik -«d 3 R 


(0 


with 


C «>(R) =(n e (r)n e (r +R))/(« e 2 ) , 


( 2 ) 

(3) 


This was first studied theoretically by Villars and Weisskonf 2 Fyiiovi m n»toi t- a- 

reported by Granatstein, 3 - 4 with some comments by Bugnlrto 3 rimental confirmation has been 

er™ asMlows! wth“? "Tte'T'l 'Tw" 8 ° n ,he cross ■“* -* constd- 

ten as (mks) # en effective dielectric constant of the plasma may be writ- 


L \ / 1 +{v en /<jS) 2 \ ’ 


(4! 


with 


Wp Z =N e e 2 /m e e 0 


and 8 


, = 2.82 x 10 ~ 21 N n P c (u), 


,he probabii “ s ' ° f “■ md w the — 


01* 


■{ai^ + Aw/, N e - (W e ) +n e , v en = (v en ) + Av en , N n =(N n ) +t 


in Eq. (4) yields the following result for the mean and fluctuating components of e: 


<e> at e 0 1 - 


Ae = - 


(w p 2 ) l+i(v Kn )/u 

u 2 l+(v e „)Vu> z 

~~^| w e(r) r 1 

P 0 u> ( L w 




1 + ^ 


In the absence of polarization effects, the wave equation for the electric field intensity is 
V 2 E+ wV 0 [<e) + Ae(?) ]E = 0. 

Substituting Eqs. (7) and (8) into (9) produces the following result for the first Born approximation fo 


(5) 

(6) 

'7) 

( 8 ) 

( 9 ) 
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the scattering cross section per unit volume per unit solid angle: 


tf(K) 


= 1 + 


(v > 2 
Ail en' 


r e z {n e 2 )E ee (K)+2r e 2 {n e n„) 




(N„) cu [\+{(v en ) 2 /w 2 )} 


E„M ) 


+ r e 2 <ji n 2 ) 


. £ aa jK) | 

<*J 2 [^{{v m f/^)\V 


ui>u: t . 


( 10 ) 


We note that the first term within the brackets is just a 0 (K) of Eq. (1), and is due to the electron- elec- 
tron correlation. The second term results from electron-neutral correlations while the third term 
arises from neutral-neutral correlations. The spacewise spectra for E en ( K) and £ nn (K) are defined in 
a manner similar to Eqs. (2) and (3). In obtaining the above result we have assumed that the Mach num- 
ber of the turbulence is small and that the kinetic temperature of the electrons is locally constant in- 
dependent of the turbulent motion (a gradient in the mean kinetic temperature is permitted). It should 
be noted that neutral gas density fluctuations have been observed in the argon experiments. 7 

The anomalous result, an increase in the scattering cross section as u> - v en from above, can best be 
illustrated by an example. We have applied the theory to the particular case of a turbulent, weakiy 
ionized, argon plasma of the type previously reported in the literature. 3 ' 5 ' 7 - 8 For a Reynolds number 
of 6000 or more, both the electron and neutral-gas density fluctuations exhibit an inertial region. ■ 8 
For the pressure of 45 Torr used in the first of these experiments, the inertial region will exist for 
wave numbers K% 10 cm '. This value of K corresponds to a back-scattering frequency range of 

A>2fe 0 = 47r/ 0 /c, /„ s> 24 GHz. f11 . 


At this pressure, the elastic collision frequency is approximately 3.4 GHz. 3 If, in an experiment of 
this kind, the current in the discharge is adjusted so that the plasma frequency is small as compared 
to the collision frequency, then a scattering experiment could, in principle, be performed over a fre- 
quency range of about 1 to 20 GHz. Within this range, E ee , E en , and E m would be inertial. While the 
scattering cross section of this experiment would be somewhat less then that observed previously, it 
is within the limits of present techniques. It is also of importance to note that such an experimenl 
would be the first to observe an effect of neutral fluctuations on the electromagnetic scattering at mi- 
crowave frequencies. To date, such observations have been limited to lasers whose frequency of oper- 
ation is such that the scattering of the light is completely dominated by the neutrals. 9 

In order to illustrate better what might be expected from such an experiment we apply Eq. (10) di- 
rectly. We note, however, that any particular conclusion is in part philosophical since the correlation 
of the electron and neutral-gas density fluctuations has never been measured. While this correlation 
must be zero in a collisionless plasma, it seems evident that some correlation must exist in a plasma 
dominated by collisions. This correlation might well be restricted to certain regions of the wave-num- 
ber space that tend to move in unison. 

For the sake of illustration, we have taken 


<Q 1/2 ^ CV,> 

(«„ 2 > 1/2 — ( w n ) ’ 


(n e n„) =<« e 2 ) 1/2 <0 1/2 , 


( 12 ) 


which would be representative of a form of correlated mixing. In this case Eq. (10) for o(K) reduces 


o(K) — 


rAn„ 2 )E( K) ( 

[i+<0 2 /« 2 ] j 


1+3 


^en 2 ) 1 

w 2 [i+(07u> 2 ] 


(13) 


We have plotted this result as Fig. 1, together with ct 0 , as given by Eq. (1). 

From inspection of this result, we note that the cross section cr(K) increases rather then decreases 
as <J) ~v en from above. This leads to an anomalously large cross section of 1.3 at w = lAu The 
dashed curve in Fig. 1 is the result that would have been obtained had the effects of electron-neutral 
and neutral-neutral correlation been neglected, namely 

o\K) = o 0 [l + {v en )V^Y\ 

U4 

The theoretical results may also be applicable to the calculation of the radar cross section of the 
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FIG. X. The frequency dependence of the scattering 
cross section. Solid line: complete theory, Eq. (13). 
Dashed line: electron-electron correlations only, Eq. 
(14). 


wakes of hypersonic vehicles upon re-entry into 
Earth’s atmosphere. 
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